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INTRODUCTION 

In the search for insecticidal materials which could be substituted 
for lead arsenate for the control of the codling moth, the Bureau of 
Entomology and the Bureau of Chemistry and Soils have studied a 
number of inorganic fluorine compounds. These compounds, because 
of their availability and chemical and physical properties, seem to 
ofl'er a profitable field for investigation. This bulletin reports results 
of insecticidal tests made at the Yakima (Wash.) laboratory of the 
Bureau of Entomology. The experiments were all conducted under 
arid conditions. This fact is emphasized, as it is of special significance 
in interpreting the results obtained. Efl'ective control or freedom 
from plant injury was not secured in similar experiments conducted 
under more humid conditions by other investigators of the Bureau of 
Entomology. 

Our knowledge of the effect of fluorine compounds on human beings 
is limited. Available information, however, indicates that they are 
not more toxic than arsenic and that the fluorine residue on the fruit 
at harvest can be removed as easily as can either arsenic or lead resi- 
dues. Information as to the removal of the metallic element of the 
fluorine compound is, however, not available. 

' The writers are indebted to M. A. Yothers, associate entomologist, and F. P. Dean and A. R. Rolfs, 
junior entomologists, who assisted with many of the experiments 
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Tlic toxicity of certain fluorine compounds to insects has been 
recognized for some time, and a few of tiiem have found wide applica- 
tion in the control of pests such as roaches, chicken lice, etc., where 
foliage injury is not a factor. One of the earliest references to the 
iusecticidal properties of fluorine compounds is contained in British 
patent no. 8236, entitled "An Improved Composition or Material for 
Destroying Insects," issued to C. H. Higbee in 1896. During the 
last 15 years other fluorine compounds have been tested against a 
number of different insects infesting growing crops. In many in- 
stances good control lias been reported. The records of these tests 
have been reviewed by Marcovitch (S),^ who has also published a 
comprehensive bibliography. 

OCCURRENCE AND  AVAILABILITY OF FLUORINE COMPOUNDS 

Fluorine does not occur free in nature, but it occurs in a wide variety 
of combinations with other elements throughout the earth's crust. 
Most phosphate-rock deposits contain 3 percent or more of fluorine; 
calcium fluoride in the form of fluorspar is a common niaterial; and 
many other combinations of fluorine have a wide geographical dis- 
tribution. 

Many of the fluorine compounds are stable, chemically inert, finely 
crystalline or amorphous powders, and relatively insoluble. These 
qualities make them desirable from an insecticidal standpoint, as 
they can be applied by dusting or spraying; they adhere to foliage 
without being toxic to it, and they retain their eiliciency over a con- 
siderable period of time. They arc also nonirritating to operators 
and noninjurious to machinery. 

HYDROFLUORIC AND HYDKOFLliOSILlCIC ACIDS 

Two common acids containing fluorine are easily ¡u-epared from the 
natui'ally occurring compounds. When fluorspai- or any other non- 
siliceous fluoride is treated with sul|)huric or other nonvolatile acid 
and the reaction mixture is heated, hydrogen fluoride distills ofl' and 
may be dissolved in water to form aqueous hydrofluoric acid or con- 
densed to the anhydrous hydrofluoric acid. Commercial aqueous 
hydrofluoric acid containing 48 percent HF is available in large 
quantitites. The reaction involved in its manufacture is expressed 
by the equation: 

CaF^ + HîSOi .CaS0i + 2HF 

Phosphate rock contains a double compound of calcium phosphate 
and calcium fluoride and in addition silicon dioxide or sand, so that 
when this material is heated with sulphuric acid, as in the manufacture 
of phosphate fertihzer, reactions take place as follows: The calcium 
fluoride and sulphuric acid react to form hydrofluoric acid, which in 
turn reacts with the silica to form sihcon tetrailuoride, which is evolved 
as a gas.    These reactions are expressed by the equations: 

OaFz + HaSO, >CaS04 + 2H F 
4Hr + Si02 »SÍF4-1-2H20 

When the silicon tetrafluoride is passed into water, it combines with it 
to form hydrofluosilicic acid (HaSiFf,). 

3SiF4-f4H20 »2H2SÍF. f .Si(OH), 
3 Italic numbers in parentheses refer to Literature Cited, p. 2:i. 



FLUORINE   COMPOUNDS   FOR   CONTROLLING   CODLING   MOTH       ó 

Commercial aqueous hydrofluosilicic acid containing about 35 percent 
of H2SÍF6 is available in large quantities. Each ton of phosphate rock 
contains the equivalent of about 75 pounds of hydrofluosilicic acid, 
and, since approximately 3,000,000 tons of phosphate rock are sold or 
used annually in the United States, there is an ample supply of fluorine. 
As gaseous suicon tetrafluoride is deleterious to vegetation, most 
fertilizer manufacturers are required to prevent its escape into the air; 
so any new use for tlds compound is welcomed. 

FLUORIDES 

The fluorides, or salts of hydrofluoric acid, are the most common 
commercial fluorine compounds. They are represented by the general 
formulas MF, MF,, MF3, etc., where M represents mono-, di-, and 
tri-basic elements, respectively. Fluorides of practically all the metals 
have been prepared and their properties studied. In general, they 
are finely crystalline compounds or almost amorphous powders, stable, 
and with widely differing solubilities in water (2). Their insecticidal 
properties have been investigated quite thoroughly, but usually if 
soluble enough to have the desired toxicity to insects these compounds 
cause foliage injury. Most fluorides are dense powders which are not 
suitable for dusting purposes and do not adhere well to foliage. 

FLUOSIUCATES 

The fluosilicates, or salts of hydrofluosilicic acid, are another impor- 
tant class of fluorine compounds. They arc also sold and advertised 
conunercially as silicofluorides, but the American Chemical Society 
recognizes only the term " fluosilicate." They are represented by the 
general formiilas M2SiFß, MSiFe, M2(SiFa)3, etc., where M represents 
mono-, di-, and tri-basic elements, respectively. 

The fluosilicates of most of the metals have been prepared and their 
properties determined. They are finely crystalline or amorphous 
powders or well-defined crystalline compounds, some with and some 
without water of crystallization. They are usually much more soluble 
than the corresponding fluorides (2, 4), and in solution they give an 
acid reaction. Sodium fluosilicate, for example, reacts with water 
according to the equation: 

SNajSiFs + 4H2Ü?=^6NaF +2n2SiF6+Si(0H)4 

The titration of the liberated acid in a fluosilicate solution with stand- 
ard alliah is often employed as an analytical procedure: 

NajSiFe + áNaOIl >6NaF + SÍO2 + 2H2O 

There are only three fluosüiates whose solubility is low enough to 
permit of their use as insecticides on field crops. They are the fluosili- 
cates of barium, potassium, and sodium. These compounds are avail- 
able commercially both in the pure form and mixed with diluents to 
improve their physical condition for dusting purposes. 

Sodium fluosilicate is available commercially in large quantities. 
It can be obtained easily in a high degree of purity, commercial samples 
in many cases showing by analysis a purity of more than 99 percent. 
In order to improve its physical condition for dusting purposes it is 
also mixed with diluents and sold as a dusting material. Diatoma- 
ceous earth, talc, silica, sulphur, hydrated lime, and other finely 
divided materials are used for this purpose. 

Potassium fluosilicate is less soluble than sodium fluosilicate and has 
received less attention as an insecticide, probably on account of its 
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greater cost. It is a white, verj finely divided powder suitable for 
application by spraying or dusting. It can be obtained easily in a 
high state of purity and can be mixed with diluents similarly to sodium 
fluosilicate. 

Barium fluosilicate is the least soluble of the fluosilicates. It is 
available commercially in large quantities either in the pure form or 
mixed with diluents, as in the case of sodium fluosilicate. A special 
light form claimed to contain 80 percent BaSiFe and 20 percent fluffing 
agent is also available. It is a white, very finely divided powder 
suitable for application by spraying or dusting, and it adheres well to 
foliage. 

It should be remembered that all fluosilicates give an acid reaction 
in solution and that mixtures with basic materials such as hydrated 
üme react, neutralizing part of the fluosuicate, to form a fluoride. 
Barium fluosilicate in particular is also not compatible with nicotine 
sulphate, Bordeaux mixture, lime-sulphur, or spreaders containing a 
high percentage of calcium compounds, sodium sulphate, or other 
soluble sulphates. 

FLUOALUMINATES 

Other fluorine compounds that appear promising are the fluoalumi- 
nates, or salts of the hypothetical acid HjAlFe. If aluminum oxide 
or hydroxide is treated with hydrofluoric acid in excess, the aluminum 
fluoride first formed is soluble in the excess acid so that in efl'ect we 
have a solution of HgAlFe: 

A1(0H)3 + 6HF<=^H3A1F6+3H20 

Salts of this acid may be formed in the same way as with any other 
acid—viz, by treatment with a base or a solution of another more 
soluble salt. 

The natural mineral cryolite, or sodium fluoaluminate, is an exam- 
ple of this class of compounds. It occurs in nature in weU-defined 
crystalline form. The other alkali-metal salts of this class are de- 
scribed by Carter (5). Little has been published on the preparation 
and properties of the fluoaluminates of the other metals, but considera- 
ble work is now in progress. 

In general, the fluoaluminates are finely crystalline or amorphous 
powders, stable, relatively insoluble, and since they are not easily 
hydrolyzed by water their solutions or suspensions in water are practi- 
cally neutral. They should therefore be safe for use on field crops. 
These compounds are also stable in the presence of moisture and 
are not appreciably decomposed by hard water. However, they 
should not be mixed with lime-sulphur or other materials of high 
calciiun content. 

Synthetic cryohte, or sodium fluoaluminate, of a high degree of 
purity is available conmiercially. This is a white, very finely divided 
powder, relatively insoluble, and suitable for spraying and dusting 
purposes. Its refractive index is close to that of water, so that con- 
centrations of 4 pounds to 100 gallons appear almost clear, although 
only a small percentage is really in solution. There is also available 
commercially a special form of natural cryolite, which is finely pow- 
dered, suspends well in water, and seems to be as suitable as the 
synthetic material. 

Potassium fluoaluminate has been made commercially and is a 
white,  finely crystalline  or  amorphous  powder of low  solubility, 
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suitable for spraying purposes but not quite so suitable for dusting. 
Its dusting properties can probably be improved, however. The 
refractive index of this compound is likewise low, and suspensions 
of it are nearly transparent, but only a small percentage actually 
goes into solution. 

ANALYSES OF MATERIALS USED 
Most of the compounds used for the experimental work reported in 

this bidletin were analyzed to determine the percentage purity, and 
these analyses are given below: 

Percent 
Barium fiuosilicate no. 1: 

Barium fiuosilicate (BaSiFs)  74. S 
Otlier material  25. 5 

Barium fiuosilicate no. 2: 
Barium fiuosilicate (BaSiFe)   66. 5 
Barium fluoride (BaF'j)  22. 4 
Moisture         0. 2 
Other material    10. 9 

Barium fluosilicate no. 3: 
Barium fiuosilicate (BaSiFa)  95. 0 
Inert ingredients     5. 0 

Barium fluosilicate no. 4: 
Barium fluosilicate (BaSiF,)  95. 4 
Barium fluoride (BaF2)     1. 5 
Inert ingredients      3. 1 

Barium fluosilicate no. 5: 
Barium fluosilicate (BaSiFe) ■- 74. 1 
Barium fluoride (BaF2)     2. 7 
Undetermined (mostly silica)   23. 2 

Potassium fiuosilicate no. 1: 
Potassium fluosilicate (KaSiF»)  96. 7 
Potassium fluoride (KF)     2. 7 
Moisture     0. 2 
Other material     0. 4 

Sodium fluosilicate no. 1: 
Sodium fluosilicate (NaaSiFa) 98. 1 
Iron and aluminum o.xides (FesOj and .^IsOs)     0. 6 
Other material     1- 3 

Potassium fiuoaluminate no. I: 
Potassium fluoalumijiate (Ka.^lF,)   96.6 
Iron and aluminum oxides, etc. (Fe203 and AI2O3)     3. 4 

Sodium fiuoaluminate (s3mthetic cryolite) no. 1: 
Sodium fluo.iluminate (NasAlFs)   79. 8 
Undetermined   20. 2 

Sodium fluoaluminate (synthetic cryolite) no. 2: 
Sodium fluoaluminate (NajAlFs)  91-0 
Alumina (AI2O3)     6- 0 
Undetermined     3. 0 

The fish oils employed were salmon oils, which are obtainable on the 
Pacific coast. The physical and chemical constants of two of these 
oils were determined:^ 

No. Í No. t 

Specific gravity at 1574° C  ,.9-^^^ .3^^^ 
Viscosity, seconds, Saybolt Universal at 100° F  165 U¿ 
Saponification inimber  191 194 
Unsulphonated residue (A.O.A.C. method)  0?°"®- .«îf""®' 
Iodine number (Hanns)  125 180 
Acetvl value, mg KOH per gram acetylated oil  24 11 
Free fatty acids (calculated a.s oleic acid), percent  7. 5             .7 
Water-soluble acids (calculated as oleic acid), percent  .14           .08 
Volatile fatty acid number, mg KOH per 5 g of oil  • 52           . ¿a 
Insoluble fatty acids (Hehner), percent  9b. b 9b. 1 

! These analyses were made by F. E. Dearborn, of the Bureau of Chemistry and Soils. 
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These constants correspond quite well with those given by Hood 
(8), except that sample no. 1 had a rather high free-fatty-acid content. 
No injury resulted from the use of this oil, however. 

METHODS OF MAKING TESTS 

Most of the laboratory experiments were made in the manner 
already used by Newcomer (11). Carefully selected apples of one 
variety were suspended by their stems in an outdoor shelter and 
sprayed or dusted uniformly with the material to be tested. When 
they were thoroughly dry, 10 newly hatched larvae were placed on 
each apple, five apples being used for each test. In 1929 and 1930 
tests were also made in which larvae were placed on the fruit several 
days after it had been sprayed. In order to have the fruit in a normal 
condition, it was sprayed while hanging on the tree, and picked just 
before the larvae were placed on it. Care was taken to remove ad- 
jacent leaves, so that the spray material would not be rubbed off 
by them. In 1930, also, small pieces of paraffined paper on which were 
10 eggs almost ready to hatch were attached to the stems by means of 
paper clips.   The resulting larvae readily found their way to the api)les. 

The results of the laboratory experiments are given in terms of 
percentage of worms entering the ñ'uit, percentage causing oidy 
stings, percentage causing total blemishes, and, in most instances, 
percentage of control. The last-mentioned figure has been obtained by 
the method of Abbott, Culver, and Morgan {1, p. 6), who used the 
following formula: 
(Percentage of worms enter- _ (percentage of worms enter- 
 ins fruit in check)         ing treated fruit)  x 100 = percent control 

(Percentage of worms entenng fruit m checlí) 

Many of the expeiiments reported are averages of two or more tests 
made during the same season. When this was done, the same number 
of tests, made on the same dates, are used for each experiment in the 
table. No attempt has been made to compare one series of experi- 
ments with another, for variations due to differences in temperature 
and hmnidity, condition of the larvae, and variety and degree of 
ripeness of the fruit would make such a comparison of little or no 
value. 

For the orchard experiments plots containing 8 to 16 trees were 
used. The spraying was done with a gasoline power sprayer main- 
taining 300 to 350 pounds pressure and using spray guns and two lines 
of hose. Very wormy orchards were selected for all the tests in order to 
give a fair comparison. Tests in which the infestation is less than 
5 percent are not dependable, as experimental error may overshadow 
any differences caused by variations in the treatment. 

The results of the orchard experiments are given in terms of per- 
centage of fruit wormy, percentage stung, percentage of sound fruit— 
that is, fruit that is neither wormy nor stung—and ratio of stings to 
total blemishes. Fruit that was both wormy and stung is recorded 
under both headings, 
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LABORATORY EXPERIMENTS 

EXPERIMENTS IN 1925 AND 192G 

The first work done with fluorine compounds at Yakima, Wash., 
was in 1925, wiien a barium fluosilicate (no. 1) was available for 
laboratory experiments. It was tested at dilutions of 2 and 4 pounds 
to 100 gallons of water, without fish oil, in comparison with lead 
arsenate at 2 pounds to 100 gallons (table 1). The results were 
nearly as good as those obtained with lead arsenate. 

TABLE 1.—Toxic effect of barium fluosilicate, as compared with that of lead arsenate, 
on the larvae of the codling moth:  Laboratory experiments, 19S5 

[4 tests averaged for each experiment] 

Ex- 
peri- 
ment 
no. 

Material ' 

Dilu- 
tion 

(perlOO 
gallons) 

Worm- 
holes 

Worms 
enter- 

ing 
fruit 

Stings 
Worms 
causing 
stings 

Worms 
causing 

total 
blem- 
ishes 

Control 

1 Barium fluosilicate no. 1 
Pounds 

2 
4 
2 

Number 
17 
18 
13 
67 

Percent 
8.6 
8.0 
6.6 

33.6 

Number 
48 
49 
46 
42 

Percent 
24.0 
24.6 
23.0 
21.0 

Percent 
32. S 
32.5 
29.6 
64.5 

Percent 
74.6 

2  do   76.1 
3 80.6 
4 Check (unsprayed) 

' Analyses of most of the fluorine compounds mentioned in this and following tables are given under 
Analyses of Materials. 

In 1926 a sodium fluosilicate was tested, both as a spray and as a 
dust, being diluted with lime in the latter case, as indicated in table 2. 
The results were relatively poor. 

TABLE 2.—Toxic effect of sodium fluosilicate, as compared with that of lead arsenate, 
with and without the addition of hydrated lime, on the larvae of the codling moth: 
Laboratory experiments, 1926 

[4 tests averaged for each experiment] 

Ex- 
peri- 

ment 
no. 

Material 

Sodium fluosilicate no. 1 _ 
-,..do  
Lead arsenate  _. 

Sodium fluosiHcate no. 1  
Hydrated lime...    
Lead arsenate  
Hydrated lime   
Check (not sprayed or dusted) - 

Dilu- 
tion 

(per lOO 
gallons) 

Pounds 
2 
4 
2 

Percent^ 
16.7 
83.3 
15 
85 

Worm- 
holes 

Number 
80 

9 

116 

Worms 
enter- 

ing 
fruit 

Percent 
40.0 
30.0 
17.5 

4.6 
68.0 

Stings 

Number 
21 
28 
29 

Worms 
causing 
stings 

Percent 
10.6 
14.0 
14.5 

13.0 
2.6 

Worms 
causing 

total 
blem- 
ishes 

Percent 
50.6 
44.0 
32.0 

17.6 

60.6 

Control 

Percent 
31.0 
48.3 
69.8 

67.2 

92 2 

1 By weight. 
EXPERIMENTS IN 1927 

In 1927 the fluosilicates of barium, sodium, magnesium, and zinc 
and sodium fluoaluminate (synthetic cryolite) were tested at dilutions 
of 4 and 8 pounds per 100 gallons of water in comparison with lead 
arsenate at 2 and 4 pounds, respectively. The results obtained with 
the barium fluosiHcate no. 2 and sodium fluosilicates were very good, 
as shown in table 3. The soluble zinc and magnesium fluosilicates 
were of little value.    The zinc fluosilicate also caused the apples to 
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turn brown wherever it entered the fruit through holes in the skin 
made by the codling-moth larvae. This suggests that it might burn 
the fruit and foliage if used in the orchard. The sodium fluoaluminate, 
which was rather impure and dense, did not give good control. 

TABLE 3.—Toxic effect of various fluorine compounds, as compared with that of lead 
arsenate, on Ike larvae of the codling moth: Laboratory experiments, 1927 

[2 tests averaged for each experiment] 

Ex- 
peri- 

ment Material 

Barium fluosilicate no. 2  
Sodium fluosilicate no. 1  
Magnesium fluosilicate  
Zinc fluosilicate  
Sodium fluoaluminate no. 1. 
Lead arsenate  
Barium fluosilicate no. 2  
Sodium fluosilicate no. 1  
Magnesium fluosilicate  
Zinc fluosilicate---   
Sodium fluoaluminate no. 1 - 
Lead arsenate_   
Check (unsprayed) - - - 

Dilu- 
tion 

(per 100 
gallons) 

Pounds 
4 
4 
4 
4 
4 
2 

Worm- 
holes 

Number 
24 
31 
67 
53 
61 
40 
18 
17 
46 
49 
37 
28 
76 

Worms 
enter- 

ing 
fruit 

Percent 
24 
31 
67 
63 
61 
40 
18 
17 
46 
49 
37 
28 
76 

Stings 

Number 
6 

11 
4 
2 
6 
3 

13 
11 

4 
7 
3 
8 
0 

Worms 
causing 
stings 

Percent 
5 

11 
4 
2 
5 
3 

13 
11 
4 
7 
3 
8 
0 

Worms 
causing 

total 
blem- 
ishes 

Percent 
29 
42 
61 
66 
66 
43 
31 
2H 

66 
40 
36 
76 

Percent 
68.4 
69.2 
26.0 
30.3 
32.9 
47.4 
76.3 
77.6 
30.5 
36.5 
51.3 
63.2 

EXPERIMENTS IN 1928 

It was thought that these materials might not adhere so well as 
lead arsenate, and therefore fish oil, in the quantity suggested by Hood 
(8) for use with lead arsenate, was added to them in the tests made 
in 1928. The degree of control obtained with all the fluorine com- 
pounds was higher than with lead arsenate, when compared with half 
the quantity of the latter, used without fish oil, as shown in table 4. 
This was in spite of the fact that the barium fluosilicate and sodium 
fluoaluminate were not very pure, being the same as were used in 
1927. The addition of fish oil (no. 1) to the lead arsenate resulted in 
somewhat better control than was obtained with the fluorine com- 
pounds. 

TABLE 4.—Toxic effect of various fluorine compounds plus fish oil, as compared with 
that of lead arsenate, with and without the addition of fish oil, on the larvae of the 
codling moth: Laboratory experiments, 19S8 

[3 testi averaged for each experiment] 

Ex- 
peri- 

ment 
no. 

Material 
Dilution 
(per 100 
gallons) 

Worm- 
lioles 

Worms 
enter- 

ing 
fruit 

Stings 

Worms 
caus- 
ing 

stings 

Worms 
caus- 
ing 

total 
blem- 
ishes 

Control 

4 pounds.. 
1 pint  
4 pounds.. 
1 pint  
4 pounds.- 
1 pint  
2 pounds-- 
1 pint  
2 pounds.. 

Number 

}   - 
1       18 

}       - 
}       - 

30 
81 

Percent 
16.0 

12.0 

16.7 

10.7 
20.0 
64.0 

Number 

24 

39 

23 

35 

31 
9 

Percent 

16.0 

26.0 

16.3 

23.3 
20.7 
6.0 

Percent 

32.0 

38.0 

32.0 

34.0 

40.7 
60.0 

Percent 
70.4 

2 /Potassium fluosilicate no. I _. 77.8 

3 iSodium fluoaluminate no. I  69 1 

80.2 

5 63.0 
6 
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EXPERIMENTS IN 1929 

The compounds tested in 1929 were the same as those used in 1928. 
Tests were made 1 day and 7 days after spraying. Inasmuch as it 
was necessary to spray the apples while they were still on the trees, it 
was impossible to spray them so evenly and thoroughly as when they 
can be revolved while being sprayed. However, the results are 
interesting (table 5). The barium fluosilicate gave, on the whole, 
slightly better control than the potassium fluosilicate, possibly because 
of better adhesive power. The sodium fluoaluminate was the best 
of the three in the 1-day test, hut at the end of 7 days the control was 
not quite so good as with the other materials. In most instances the 
addition of fish oil improved the degree of control in the 1-day test, 
but this improvement was not evident in the 7-day test. 

TABLE 5.—Toxic effect of various fluorine compounds, as compared with that of lead 
arsenate, vñth and without the additioit of fish oil, on the larvae of the codling moth: 
Laboratory experiments, 1929 

I 
s, 
H 

Material 

Barium fluosilicate no. 2  
f_---do -.- - 
\Fisii oil no. 1  
Barium ÜuosUicate no. 2  
Potassium fluosilicate no. 1.. 

L.-_do-... --  
\Fish oil no. 1    
Potassium fluosilicate no. K. 
Sodium fluoaluminate no. 1, 

.do_. 
.Fish oil no. 1  
Sodium fluoaluminate no. 1- 

do-. 
i'ish oil no. 1  
Lead arsenate  
-.--do    
Fish oil no. 1 --- 
Check (unsprayed)- 

Dilution 
(per 100 
gallons) 

2 pounds - 
.._do  

1 pint  
4 pounds. 
2 pounds- 
.-do  
1 pint  
4 pounds- 
2 pounds- 
.-.do  
1 pint  
4 pounds- 
...do  

1 pint  
2 pounds. 
.-do  
1 pint  

1 day after spraying 

Per- 
cent 

20 

e- 

Per- 
cent 

14 

10 26 

10 24 

2 22 

18 8 

24 16 

56 2 

Per- 
cent 

34 

Per- 
cent 
64.3 

78.0 
57. 1 

67.9 
85.7 

82.1 

82.1 

96.4 
67.9 

57.9 

7 days after spraying 

Per- 
cent 

12 

Per- 
cent 

8 

10 

6 
8 

Per- 
cent 

20 

Per- 
cent 
80.0 

76.7 
60.0 

63.3 
53.3 
53.3 

26.7 
70.0 

76.7 

66.7 

In an additional test made with sodium fluoaluminate and fish oil, 
the control was very good, as shown in table 6. This table also gives 
the results of a preliminary test with potassium fluoaluminate, which 
indicates that this compound may be of some value. 

173363°—33 2 
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TABLE 6.—Toxic effect of sodium fluoaluminate and potassium fluoaluminate, as 
corn-pared with that of lead arsenate, on the larvae of the codling moth: Laboratory 
experiments, 

Ex- 
peri- 
ment 

no. 

Material 
Dilution 
(per 100 
gallons) 

Worm- 
holes 

Worms 
enter- 

ing 
fruit 

Stings 

Worms 
caus- 
ing 

stings 

Worms 
caus- 
ing 

total 
bieni- 
isties 

Control 

1 
/Sodium fluoaluminate no. 1  
\Fish oil no I 

2 pounds,, 
1 pint  
4 pounds-, 
1 pint  
2 pounds.. 

Number 

4 

e 
13 
21 
24 
26 
39 

Percent 

8 

12 

26 
42 
48 
S2 
78 

Number 

21 

19 

14 
6 

10 
6 
0 

Percent 

42 

38 

28 
12 
20 
12 
0 

Percent 

60 

50 

64 
64 
68 
64 
78 

Percent 

81.0 

2 
[Sodium fluoaluminate no. 1  
IFish oil no. 1--    

71.4 

38.1 
4 

6 Potassium fluoaluminate no. 1  ..do  
-do-  

38.5 
33.3 

7 

EXPERIMENTS IN 1930 

Experiments were made in 1930 with barium fluosilicate and sodium 
fluoaluminate from several sources and with a series of 17 fluorine 
compounds prepared by Carter. The five fluorine compounds in- 
cluded in table 7, when used at the rate of 3 pounds to 100 un lions 
of water, with fish oil, all resulted in a control equal to or better than 
that with lead arsenate used at the rate of 2 pounds per 100 gallons, 
without fish oil. This was true both 1 day after spraying and 5 days 
after spraying. 

TABLE 7.—Toxic effect of various fluorine compounds, as compared with thai of lead 
arsenate, with and without the addition of fish oil, on the larvae of the codling 
moth: Laboratory experiments, 1930 

[2 tests averaged for each experiment] 

1 day arter spraying 6 days after spraying 

bL tu Uo, M bji 6jCr/] 
O Dilution G H C (u C 

Material (per 100 ïï 33 — a T ri.a — 
g gallons) H.tí ^,v. P.Ü S a.^ sa sa i- 

«3 S 2 'i p"^ gS fi*1 
0 
0 f." R" St; 0 

S. g ë S ëïï 
(ü; 

I'er- 

Eí !í 

Per- Per- Per- Per- Per- Per- Per- 
cent cent cent cent cent cent cent cent 

45.6 21.2 66.8 52. 5 68.9 21.2 90.1 29.0 1 \Fish oil no. 2    1 quart  
3 pounds.- 
1 quart  

53.3 22.3 7.5.6 44.6 68.4 22.3 90.7 ■M. 5 2 \Fish oil no. 2     

3 
(Sodium fluoaluminate no. 1  
\FLsh oil no. 2  

3 pounds.. 
1 quart  

\m. y 19.8 79.7 37.6 67.3 16.4 82.7 30.6 

4 
/Sodium fluoaluminate no. 2  
\FishoiI no. 2     

3 pounds. _ 
1 quart  

[40.0 31.0 7i.O 58.3 47.1 34.8 81.9 51.4 

5 2 pounds.- 7fi.O 11.0 87.0 20.8 73.5 14 3 87.8 24.2 

6  do   3 pounds-- 5/. 5 hi. 2 72.7 40.1 73.9 17.1 91.0 Xi.H 

f      do [52.7 18.2 70.9 4.5. 1 61.8 28.4 90.2 36. 3 7 iFish oil no2-__   1 quart  
8 Potassium fluoaluminate no. 1 ..- 4 pounds.. 50. 3 29.0 79.3 47.6 58.0 27.8 8.6.8 40.2 

2 pounds. _ tiO.O 
90. Ü 

18.0 
0 

78.0 
96.0 

37. 5 73.6 
97.0 

9.0 
0 

82 6 
97.0 10 

In another series of experiments a barium fluosilicate over 95 per- 
cent pure (no. 4) was compared with a material containing only 
about 74 percent barium fluosilicate (no. 5).    The former material 
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was somewhat better than the latter both 1 day and 5 days after 
apphcation, as shown by comparing experiments nos. 1, 2, and 3 
with nos. 4, 5, and 8 in table 8. Even when used at the rate of 4 
pounds to 100 gallons (experiment no. 9), the compound containing 
75 percent barium fluosilicate was not much better than the other 
material at 3 pounds. Variations in the method of using the fish 
oil were also tried. It was used without emulsification, and emulsified 
with the fluosilicate and with casein-lime spreader (experiments nos. 
5, 6, and 7).    No great difference in control resulted. 

TABLE 8.—Toxic effect of barium fluosilicate, as compared xoith that of lead arsenate, 
with and without the addition of fish oil or summer-oil emulsion, on the larvae of 
the codling moth: Laboratory experiments, 1930 

[2 tests averaged for each experiment] 

Material 
Dilution 
(per 100 
gallons) 

1 day after spraying 

aS 

5 days after spraying 

S M 

Barium fiuosilicate no. 4. 
/-..-do --- -. 
\Fish oil no 2  
/Barium fluosilicate no i. 
\Summer-oil emulsion  
Barium fluosiliciite no. 5- 

do- 
\Fish oil no. 2...   
{Barium fluosilicate no. 5.  
Fish oil no. 2, emulsified with the 

fluos.lieate    
(Barium fluosilicate no. 5  
Fish oil no. 2. emulsified with cas- 

ein-lime spreader      
/Barium fluosilicate no. 5  
\Summer-oil emulsion  
Barium fluosilicate no. 5  
Lead arsenate    
Check (unsprayed)  

3 pounds. 
.--do  

1 quart--. 
3 pounds- 
1 gallon.- 
3 pounds- 

do- 
1 quart..- 

3 pounds 
1 quart--- 

3 pounds- 
1 quart--- 

3 pounds- 
1 gallon-- 
4 pounds- 
2 pounds- 

Per- 
cent 
60.7 

56.3 
65.6 
94 

Per- 
cent 
19 

17.6 

23.3 

16 
10.2 

10.9 

19.3 
9.7 
1 

Per- 
cent 
79.7 

68. 5 

70.9 
82 

74.9 

72.1 

74.6 
7,5.3 
95 

Per- 
cent 
35.4 

45.9 

49.4 

28.7 

31.2 

34.9 

41.2 
30.2 

Per- 
cent 
69.6 

65.6 

6S.8 

63.8 

66.7 

63.2 

73.2 

59.4 
71 

Per- 
cent 
10.1 

25 

7 

10 

14.2 

11.2 

4 

7.1 

Per- 
cent 
69.6 

72 6 

78.8 

78 

77.9 

73.6 

77.2 
66.6 
79 
80.8 

Per- 
cent 
26.4 

24.6 

18.9 

14.9 

21 

17.5 

21.8 

26.6 
12.1 

The two sodium fluoaluminates (nos. 1 and 2) shown in table 9 were 
tested at the rate of 4 pounds to 100 gallons, with and without fish oil, 
and also with mineral oil and with a small quantity of mineral-oil 
emulsion. Unfortunately there was no unsprayed check with this 
series, so that the percentage of control cannot be given. However, 
by examining the percentage of worms entering the fruit and the 
percentage causing the total blemishes, as given in table 9, it wül be 
evident that sodium fluoaluminate no. 2, wliich was the purer of the 
two, gave the better control. This was also shown in experiments 
nos. 3 and 4, table 7. It is apparent also that, with sodium fluoalu- 
minate no. 2 at least, there is an advantage in adding a fish oil or 
mineral oil. 
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TABLE 9.—Toxic effect of sodium fluoaluminaie^ as compared loith that of lead 
arsenate, with and vñthout the addition of fish oil^ summer oil, or summer-oil 
emulsion, on the larvae of the codling moth: Laboratory experiments, 1930 

Ex- 
peri- 
ment Material 

Sodium fluoaliiminate no. 1_. 
/ do     
\Fishoil no. 2  
/So<lium fluoluminate no. 1... 
(Summer-oil emulsion  
fSodium fluoüluminate no. 1.. 
\Suramer oil   
Sodium fluoluminate no. 2-,- 
..__do ---    
Fish oil no. 2  

iSodium iluoaluminate no. 2_. 
\Summer-oil emulsion  
fSodium fluoaiuminate no. 2„ 
\Summer oil.-.  
Lead arsenate  

Dilution 
(per 100 
gallons) 

Worm- 
holes 

4 pounds.- 
...do  
1 quart  
4 pounds.. 
1 quart  
4 poiinds_. 
1 quart  
4 pounds.. 
-do  
1 quart  
4 pounds.. 
1 (luart  
4 pounds_. 
1 quart  
2 pounds.. 

Nu mber 
19 

Worms 
enter- 

intr 
fruit 

Percent 
38 

Stings 

Number 
12 

Worms 
causing 
stings 

Percent 
24 

\N'orms 
causing 

total 
blem- 
ishes 

Percent 
62 

68 

46 

52 

42 

78 

In the tests made in 1930 fish oil was used at the rate of 1 quart 
to 100 gallons, instead of 1 pint. Analyses of apples sprayed with 
barium fiuosilicatc alone and with the addition of 0.5, 1, and 2 pints 
of fish oil (table 10) indicated that increasing the quantity of fish oil 
did not increase the quantity of barium fluosilicate placed on the 
apples but did increase the residue remaining after an interval of 10 
days. Marcovitch and Stanley (10) had shown increased adhesive- 
ness of barium fluosilicate during rains when fish oil was added. In 
this case a slight rain, amounting to 0.15 inch, occurred in the 10-day 
interval.    Fish oil no. 2 was used in these tests. 

TABLE   10.—Effect of addition  of different guanliiies of fish oil on adherence of 
barium fluosilicate ' sprayed on apples 

Fish oil 
per 100 

ííallons of 
spray 

Barium ÍIU<íSíUCíUC on apple,s 

Sprayed in 
insectary; 
analyzed 
immedi- 

ately 

öi)rayed in orchard 

Analyzed 
immedi- 

ately 

Analyzed 
after 10 

days 

PirUs 
None. 

0.5 
1 
2 

Grain per 
pound 

0.173 
.003 
.1« 
.197 

Grain per 
pound 

0.116 
.117 
.119 
.115 

Grain per 
pound 

0.078 
.080 
.107 
. 114 

' 4 pounds of barium fluosilicate used i)cr llM) fïalions. 

The results of the toxicity tests (tables 5, 7, and 8) are not what 
would be expected from the analyses in table 10, the percentages 
of control decreasing about as much during the interval in the tests 
with fish oil as in those without it. Rain amounting to 0.3 inch fell 
during the interval of the test of 1929 and a smaller quantity fell 
during one of the two series of tests included in table 8, but no cor- 
relation  between the rainfall and the results is evident.    Further 
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work is necessary before the value of the fish oil and the optimum 
quantity that should be used can be determined. 

Table 11 gives tests of 17 fluorine compoimds, all of which were 
laboratory preparations purified with a reasonable degree of care and 
may be considered as being at least 90 percent pure in all cases. 
Their solubüities were in every case less than that of sodium fluosili- 
cate. The compounds were used at the rate of 4 pounds to 100 
gallons, and compared with lead arsenate at the rate of 2 poimds to 
100 gallons, no fish oil being used. In these tests five compounds— 
manganese fluoride, barium fluosilicate, potassium fluosilicate, magne- 
sium fluoaluminate, and potassiimi fluoaluminate—were distinctly 
superior to lead arsenate, as indicated by the relative percentages of 
worms entering the fruit. Three others—sodium fluosilicate, 
ammonium fluoaluminate, and sodium fluoaluminate—were approxi- 
matel}' equal to lead arsenate. Of these 8 compoimds, 3—manganese 
fluoride, magnesium fluoaluminate, and ammonium fluoaluminate— 
had not been tried before. 

TABLE 11.—Toxic effect of various fluorine compounds and of lead arsenate on the 
larvae of the codling moth: Laboratory experiments, 1930 

Ex- 
peri- 
ment 

Worms 
enter- 

ing 
iruit 

Worms 
causmg 
stings 

Percent Percent 
72 9 
61 15 
74 5 
41 23 
42 32 
39 31 
54 24 
47 27 
77 15 
6« 15 
39 31 
33 37 
60 23 
52 23 
74 9 
60 4 
06 16 
49 15 

Worms 
causing 

total 
blem- 
ishes 

Barium fluoride (BaFî)  
Lead fluoride (PbF¡)- __   
Magnesium fluoride (MgF2)  
Mancanese fluoride (MnF2)---   
Barium fluosilicate (BaSiFs)  
Potassium fluosilicote (KaSiFe)  
Sodium fluosilicate ( Na2Si Fe)  
Ammonium fluoaluminate [(NÍÍ4)3AlF6l-. 
Barium fluoaluminate (BaAlFs)..-   
Calcium fluoaluminate (Ca.\lF5) __. - 
Magnesium fluoaluminate (Mg.\JF5)  
Potassium fluoaluminate (K^AIFB),   
Potassium fluoaluminate (Ki.\lF6)4-Si02. 
Sodiiun fluoaluminate (NaaAlFe)  
Sodium fluoaluminate CNa3AlF6) + Siüz--- 
Strontium fluoaluminate (SrAlF:)  
Zinc fluoaluminate (Zn.^IFs)  
L«ead arsenate (PbHAs04)   

Percenl 
81 
76 
79 
64 
74 
70 
78 
74 
92 
81 
70 
70 
73 
75 
83 
64 
82 
64 

1 The fluorine compounds were used at the rate ot 4 pounds to 100 gallons and the lead arsenate at 2 
pounds to 100 gallons.    No flsh oU was used. 

The results of these laboratory experiments are somewhat variable, 
probably on account of the rather large experimental error which 
must exist in tests of this nature. Moreover, for the most part they 
show only the toxicity of the materials immediately after application. 
Nevertheless, they are valuable in giving preliminary indications of 
what may be expected from these compounds. The practical value 
of a new material can be determined only by orchard experiments. 
Such factors as durability of the material and its efi'ect on the tree 
and the fruit do not enter into laboratory experiments. 
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ORCHARD EXPERIMENTS 

EXPERIMENTS IN 192« AND 1927 

In 1926 some dusting experiments were made in two orchards, in 
which a sodium fluosilicate dust was compared with a lead arsenate 
dust and with a lead arsenate spray. The same dilutions were used 
as in the laboratory tests (table 2, experiments nos. 3, 4, and 5). In 
one orchard the fluosilicate dust resulted in poorer control than the 
lead arsenate dust, and in the other orchard it was somewhat better. 
In both orchards the lead arsenate spray controlled the worms much 
better than either of the dusting treatments. Tests with bariTim 
fluosilicate and sodiimi fluosilicate used as sprays were made in 1927, 
but the crop on the trees used was so much smaller than that on the 
trees sprayed with lead arsenate that a fair comparison could not be 
made. 

EXPERIMENTS IN 1928 

In 1928 an orchard of Jonathan apple trees was selected that liiid 
not been sprayed the previous season and was therefore very heavily 
infested. The fluorine compounds were used at the rate of 4 pounds 
to 100 gallons, and compared with lead arsenate used at the rate of 
2 pounds to 100 gallons. These fluorine compounds were made espe- 
cially for the experiment, but they were quite dense, and the barium 
fluosilicate and sodium fluoaluminate were not especially pure. In 
order to increase the adhesiveness of the fluorine sprays, fish oil \yas 
added at the rate of 1 pint to 100 gallons. It was usually emulsifled 
first with some of the fluorine compound, as suggested by Porter and 
Sazama (12). The crop was good, although somewhat smafler on the 
trees sprayed with fluorine compounds than on those sprayed with 
lead arsenate. Eight trees were used for each test, and the apples 
from the two most nearly uniform trees in each plot were examined. 

As shown in table 12, the percentages of wormy apples on the trees 
sprayed with potassium fluosilicate and with sodium fluoaluminate 
were not materially higher than on the trees sprayed with lead arse- 
nat«, and the percentages of stung apples were somewhat lower; 
consequently a slightly larger percentage of the apples were sound. 
The barium fluosilicate was rather impure, and the results with it were 
poorer than when potassium fluosilicate was used. 

TABLE  12.—Effectiveness of various fluorine compounds, as compared u'ilh   lead 
arsenate, in controlling the codling moth: Orchard experiments, 192S 

Test 
DO. 

Material i 

Dilu- 
tion 

(per 100 
gal- 

lons) 

Total 
apples Wormy apples Stung apples Sound 

apples 

Kalioof 
stings 
to total 
blem- 
ishes 

i 
2 
3 
4 

Barium fluosilicate no. 2  
Potassium fluosilicate no. l... 
Sodium fluoaluminate no. 1.^- 

Pounds 
4 
4 
4 
2 

Number 
2,098 
3,9,50 
4,348 
5,502 

Number 
718 
943 

1,000 
1,251 

Percent 
26.6 
23.9 
23.1 
22.7 

Number 
624 
787 
873 

I, 333 

Perceni 
19.4 
19.9 
20.1 
24.2 

Percent 
59.1 
61.0 
62.1 
60. 1 

0.40 
.45 
.40 
.49 

1 Fish oil, 1 pint to 100 gallons, used with all fluorine sprays. 
Spray schedule: Calyx, May 10; first cover, May 22; second cover, June 1; third cover, Jnne 12; Tourlh 

cover, June 22; fifth cover, July 11; sixth cover, Aug. 2. 
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EXPERIMENTS IN 1929 

In 1929 the same materials were used at the same dilutions. Carter 
(.?) had shown that these compounds were compatible with lead 
arsenate. Therefore, a plot was added in which lead arsenate was 
used for the calyx and first cover sprays, followed by sodium fluo- 
aluminate, and another one in which half the usual quantities of lead 
arsenate and sodium fluoaluininate were used together for the first four 
applications, followed by sodium fluoaluniinate alone. These experi- 
ments were made in a difl'erent orchard from the one used in 1928; it 
consisted of Rome Beauty apple trees which had been poorly sprayed 
the previous season and were consequently heavily infested. The 
fruit on the various trees in the orehard was nearly uniform. Each 
plot contained 12 trees, and the fruit from 5 of these was examined in 
each lest. 

The results of these experiments are given in table 13. As in 1928, 
the barium fluosilicate was poor in effectiveness. When potassium 
fluosilicate and sodium fluoaluniinate (synthetic cryolite) were used, 
the percentage of wormy fruit was similar to that when lead arsenate 
was used, and tlie number of stung fruit was markedly smaller. The 
use of sodium fluoaluniinate following lead arsenate (test no. 4) gave 
the lowest percentage of wormy apples but a higher percentage of 
stung apples than when sodium fluoaluniinate was used throughout. 
The combination of lead arsenate and sodium fluoaluniinate is not 
included in the table, as the portion of the orchard in which it was 
used liappened to be particularly wormy, and therefore this treatment 
cannot be compared with the other treatments. There was no 
evidence of injury to foliage or fruit in any of the plots. 

TABLE  13.—Effeclivenens  of various fluorine compounds, as compared with  had 
arsenate, in controlling the codling moth: Orchard experiments, 1929 

Test 

Barium fluosilicate no. 2  
Potassium fluosilicate no. U-- 
Sodium fluoaluminate no. 1. 

(Ijead arsenate in calyx and 
I    first cover spray   
I Sodium fluoaluminate no. 1 in 
[   remaining cover sprays  
Lead arsenate   

Dilu- 
tion 

(per 100 
cal- 

ions) 

Pounds 
4 
4 
4 

Total 
apples 

Niimher 
10.671 
12, 2Sn 
12,004 

10, 434 

12,749 

Wormy apples 

Number 
4,174 
3,025 
3,825 

2,184 

3,247 

Fercent 
39.1 
24.7 
30.2 

20.9 

25.5 

Stung apples 

Number 
2,287 
2,777 
3,196 

2,870 

4,598 

FeTcent 
21.4 
22.7 
25.2 

27.5 

36.1 

Soimd 
apples 

Fercent 
50.3 
59.4 
63.4 

69.4 

60.7 

Ratio of 
stings 
to total 
blem- 
ishes 

0.30 
.48 
.43 

.6« 

.68 

1 Fish oil, 1 pint to 100 gallons, used with all fluorine sprays. 

Spray schedule: Calyx, .May 20: first cover, June 1; second cover, June 12; third cover, June 24; fourth 
cover, July 12; fifth cover, Aug. 10. 

EXPERIMENTS IN 19.11) 

In 1930 a barium fluosilicate mixture that had been made especially 
for insecticidal purposes (no. 5) was used. It contained about 74 
percent barium fluosihcate, a percentage somewhat higher than that 
of the material used in 1928 and 1929. It was much lighter and 
remained in suspension better, owing to the inert material added 
The orchard used in 1930 had been heavily infested and consisted 
of alternating double rows of Jonathan and Winesap apples, making 
it possible to include both varieties in each plot.    Three series oí 
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tests were made, in all of which lead arsenate was used for the calyx 
and first cover sprays. 

In the second to the sixth cover sprays barium fluosUicate was used 
except for two applications in one series (C), where mineral-oil 
emulsion plus nicotine sulphate was substituted for the fluosilicate. 
In another series (A) niineral-oil emulsion was added to the barium 
fluosilicate in two applications. Fish oil (no. 2) was added to the 
barium fluosilicate except when the mineral-oil emulsion was used. 
Comparable adjacent plots sprayed with lead arsenate were provided. 
The treatments for all these plots are given in table 14. 

TABLE  14.—Spray schedule used in orchard experiments for control oj the codling 
moth, 1930 

Se- 
ries 

Test 
no. 

Calyx (May 1) and first 
cover (May 22) Second cover, June 4 Third cover, June 11 

A 

1 

2 

3 
1 

I   2 
1 

2 

Lead arsenate 3 pounds '  

 do    

 do    
 do    
 do   
 do    

 do    

Barium fluosilicate 3 pounds + 
0.75 percent oil emulsion. 

Lead arsenate 2 pounds + 0.70 
percent oil emulsion. 

Barium   fluosilicate^   4 
poimds. 

Lead arsenate 2 pounds. 

Do 

B 
Barium fluosilicate 4 pounds  Barium fluosilicate 4 pounds. 

C 
0.75 percent oil emulsion + nico- 

tine sulphate (1-1,200). 
....do..    

Barium fluosilicate 4 pounds. 

Lead arsenate 2 pounds. 

Se- 
ries 

Test 
no. 

Fourth cover, June 26 Fiflh cover, July 20 Si.xth cover, Aug. 12 

A 

1 

2 

3 

\ 
1 

2 

Barium Ihiosilicate 4 pounds 

Lead arsenate 2 pounds  

 do    
Barium fluosilicate 4 pounds- 
Lead arsenate 2 pounds  
Barium fluosilicate 4 pounds. 

Lead arsenate 2 pounds  

Barium fluosilicate 3 pounds + 
0.75 percent oil emulsion. 

Lead arsenate 2 pounds + 0.75 
percent oil emulsion. 

Barium fluosilicate 4 pounds. 

Lead arsenate 2 pounds. 

Do. 

B 

C 

Barium fluosilicate 4 pounds  
Lead arsenate 2 pounds   
0.75   percent   oil   emulsion   + 

nicotine sulphate (1-1,200). 
 do  _-_   

Barium fluosilictite 4 pounds. 
Lead arsenate 2 pounds. 
Barium fluosilicate 4 pounds. 

Lead arsenate 2 pounds. 

1 Weights of barium fluosilicate and lead arsenate are for each 100 gallons of spray. 
3 Fish oil, 1 pint to 100 gallons, was used with all barium fluosilicate sprays except where oil emulsion 

was used. 

In order to minimize the variation due to field heterogeneity, the 
schedule of barium fluosilicate and oil emulsion and the comparaVjle 
schedules of lead arsenate, with and without oil emulsion, were 
repeated four times in the orchard, an arrangement similar to the 
Latin square being used. Owing to the number of experiments being 
made, it was not possible to do this \vith the other schedules. In each 
plot the fruit from two trees of each variety was examined. The 
results of all those experiments are given in table 15. In each case the 
percentages of wormy fruit in the comparable plots are similar, and the 
percentage of stung fruit is considerably more in the plots sprayed with 
lead arsenate; consequently the percentage of sound apples is lower 
than in the plots sprayed with fluosilicate. 
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TABLE   15.—Effectiveness of sprays of banum fluosilicate, as compared with lead 
arsenate, in controlling the codling moth: Orchard experiments, 1930 ' 

Se- 
ries 

Test 
no. Material Total 

apples Wormy apples SluriK apples Sound 
apples 

Ratio of 
stings 

to total 
blem- 
islies 

A 

1 

1   2 

Barium   fluosilicate  (no. 5)-|-oil 
emulsion 

Number 
38, 138 
28,505 
28,909 
9,783 
7,836 

8,576 
9,942 

Number 
4,405 
3,122 
3,419 

972 
817 

895 
1,121 

Percent 
11.6 
10.9 
11.8 
9.9 

10.4 

10.4 
11.3 

Number 
3,043 
3.324 
3,733 

733 
941 

649 
1,082 

Percent 
8.0 

U.7 
12.9 
7.5 

12.0 

7.6 
10.9 

Percent 
81.8 
79.5 
77.7 
83.8 
79.6 

83.3 
79.7 

0 39 
Tyead arsenate+oil emulsion  .52 

B Barium fluosilicate no. 5   
Lead arsenate .. 

.41 
53 

c Barium fluosilicate no. 5; oil emul- 

Lead arsenate 48 

■ Sprays were applied according to the schedule given in table 14. 

TABLE   16.—Effectiveness of fluorine co7npounds, as compared with thai of lead 
arsenate, in orchard experiments for controlling the codling moth 

EXPERIMENTS IN 1929 

Ex- 
peri- 
ment 

Barium fluosilicate  
Potassium fluosilicate  
Sodium fluoaluminate  
Lead arsenate followed by 

sodium fluoaluminate-- 
Lead arsenate  

Wormy apples 

Weighted 
mean 

Percent 
39. 1±0.8 
24. 7±0.9 
30. 2±1. 1 

20. 9±0. 8 
25. 5±1.3 

Increase 
(+) or de- 
crease (—) 

as com- 
pared with 
lead arse- 
nate treat- 

ment 

Percent 
+13.6±1.5 

-.8±1.6 
+4.7±L7 

~4.6il.y 

Difîer- 
ence 

divided 
by 

error 

9.1 
.5 

2.8 

ßtung apples 

Weighted 
mean 

Percent 
21.4±0. f> 
22. 7±0. 7 
25. 2±0. 7 

27.5±1.2 
36.1±1.5 

Increase 
(+) or de- 
crease (—) 

as com- 
pared with 
lead arse- 
nate treat- 

ment 

Percent 
-14.7±1.6 
-13.4±1.7 
-10.9d:1.7 

-8.6±1.9 

Differ- 
ence 

divided 
by 

error 

9.2 
7.9 
6.4 

EXPERIMENTS IN 1930 

1 Barium   fluosilicate + oil 
16 

14 

11.8±0.9 

10.9±1. 1 

+0.9±1.4 0.6 8.0±0. 3 

11.7±0.9 

-3.7±1 3.7 
2 Lead arsenate + oil emut- 

Most of the comparable experiments made from 1928 to 1930 
showed a slightly lower percentage of wormy fruit in the plots sprayed 
with lead arsenate than in those sprayed with the fluorine compounds, 
and it is desirable to know whether or not this difl'erence is significant. 
This cannot be figured in some instances owing to the small number 
of trees examined. However, the significance of the differences in the 
treatments used in 1929 and 1930 may be determined from the statis- 
tical constants computed by the use of standard methods. The prob- 
able errors for individual plots were computed by the formula 

P.E.=^ ±0.6745. 
1) 

(¡p = the number of apples in each tree or plot), which is applicable to 
a weighted mean.    This formula was used because of variations in 
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the numbers of apples borne on the trees on which individual counts 
were made. The probable errors of the differences between plots 
were computed by the formula 

•Ediff.-  ± -\lei' + e2 

The results of these computations are given in table 16. If four 
times the probable error is used as a criterion, the differences in per- 
centages of wormy apples are not significant except in the case of the 
barium fluosilioate used in 1929. On the other hand, the difl'erences 
noted in the percentages of apples stung are significant in the com- 
parisons iu which the fluorine compounds were used throughout the 

WINESAP 

ARKANSAS 
BLACK 

JONATHAN 

0 5 10 15 20 
WORMY APPLES (PER CENT) 

1 I  LEAD ARSENATE,3LBS. TO 100 GALS. 

■I   BARIUM FLU0SILICATE,4LBS. TO 100 GALS. 

BARIUM FLU0SILICATE,3LBS. TO 100 GALS. 

BARIUM FLU0SILICATE,3LBS. TO I00GAL5. 
(LAST APPLICATION  OMITTED) 

FIGURE 1.—Relative susceptibility of Winesap, .\rl<ansiis Black, ami Jonathan apples to codling-moth 
infestation when sprayed with lead arsenate and with barium tluosilicate ii.s shown by i)er(;eTita^'e of 
wormy fruit, 1930. 

season, and doubtfully so in the comparisons in which the ihiorinc 
compound was used following a calyx and first cover spray of lead 
arsenate. It may be concluded, therefore, that under the conditions 
of these experiments the fluorine compounds are as eflective as lead 
arsenate in preventing insects from infesting the fruit and that they 
are somewhat more effective in preventing insects from stinging it. 

In 1930 two fruit growers also tested the effectiveness of barium 
fluosilicate as compared with lead arsenate. Apples from a number 
of trees in each orchard were examined. The results, which are given 
in table 17, are similar to those obtained in the writers' experiments, 
the percentage of wormy fruit being slightly higher and the percentage 
of stung fruit lower when barium fluosilicate was used.    The results 
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given in this table are from Jonathan and Rome Beauty apples in the 
first orchard (A) and from Jonathan apples in the second (B). In the 
latter orchard Arkansas Black and Winesap apple trees were also 
sprayed. The difference in the susceptibility of the three varieties is 
shown in figure 1. The last application of barium fluosilicate was 
omitted from some of the trees, and the increase in wormy apples on 
these trees was very marked. It should be noted that in this orchard 
the lead arsenate was used at the rate of 3 pounds to 100 gallons 
throughout the season, so that the barium fluosilicate had a more 
severe test than it had in the other experiments. 

TABLE 17.—Comparative effectiveness of barium fluosilicate and lead arsenate for 
controlling the codling moth, as shown by growers' orchard experiments, 1930 

OKCUAKD   A 

Ratio 
of 

Test 
no. Material 

Dilution 
(per 10Ü 
gallons) 

Total 
api)les Worms apples Stung apples Sound 

apples 

stings 
to 

total 
blem- 
ishes 

Num- A'íí m- Per- .Vu m- Per- Per- 
ber ber cent ber cent cent 

[Lead arsenate calyx and 2 pounds.. 1 
1 1   fourth cover sprays. 

1 Barium fluosilicate no. 5-_ 
iFish oil, first 3 cover sprays. 

4 pounds-- 
1 pint  

[ 5,357 1,094 20.4 776 14.5 69.1 a 39 

2 Lead arsenate caly.x and 4 
cover sprays. 

2 pounds-- 4,523 840 18.6 876 19.3 66.7 .51 

OKCnARD  1! 

Lead arsenate caly.\ and 3 pounds-- 

1 first cover sprays. 
Barium fluosilicate no. 5. _ 
Fish   oil,    4   subsequent 

cover sprays. 
¡Lead arsenate calyx and 

 do  
1 pint  

3 pounds.. 

ill, 347 1,761 15.5 669 6.2 79.6 .0.27 

2 1   first cover sprays. 
1 Barium fluosilicate no. 5... 
[Fish   oil,    4   subsequent 

cover sprays. 

4 pounds-- 
1 pint  

il2,542 1,431 11.4 75!) 6.0 83.7 .34 

3 Lead arsenate, aU sprays-. 3 pounds.. 14, 771 1,367 ».. 857 5.8 85.8 .38 

EFFECT OF FLUORINE COMPOUNDS ON FOLIAGE AND FRUIT 

The possibility of injury to fruit or foliage has been considered. 
No foliage injury has been noted in the arid climate prevailing in the 
Yakima Valley, except a very little in 1927. The rainfall during the 
early part of September of that year was heavier than usual, and about 
2 percent of the foliage sprayed with barium and sodium fluosilicate 
was injured. However, foliage sprayed with lead arsenate was also 
injured that year. All the experiments have been with apple trees, 
but some pear fohage has been sprayed without any injury. 

There has been no apparent effect on the quality, size, or colormg 
of the fruit. Records have been kept of the average number of apples 
per box from all the trees examined. Three plots sprayed with fluor- 
ine compounds averaged 141 ± 1.3 apples per box, and three compar- 
able plots sprayed with lead arsenate averaged 139 ±2.5 apples per 
box.   The difference, 2 ±2.8, is not significant. 
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ACCUMULATION AND ADHERENCE OF SPRAY MATERIALS 

During the summer of 1930 an attempt was made to determine the 
quantities of material applied by the different treatments as well as 
the quantities of residue remaining on the fruit over a period of time. 

Samples of Winesap apples sprayed with barium fluosilicate (no. 5) 
in the regular orchard tests were taken before and after each spraying 
and analyzed for residues. No standard procedure was available as in 
the case of arsenical residxjes; so a method was developed {6). Briefly, 
the method consisted of washing samples of fruit taken before and 
after each spray with boiling 3 percent sodium hydroxide solution and 
then analyzing this solution for barium by standard procedure and 
calculating to barium fluosilicate. Duplicate samples of apples that 
had received very different treatments were selected and, judging by 
the agreement between the duplicate analyses, the method seemed to 
be fairly accurate and gave consistent results. However, it was ap- 
plicable only to the barium compound. 

The results, calculated in milligrams per apple and in milligrams 
per square centimeter of surface, are given in table 18, and are 
compared with similar analyses of fruit sprayed throughout with 
lead arsenate. The surface area was calculated in each case from 
the average weight of the apples. The volume was first obtained 
by multiplying the weight by 1.2, as the ratio of weight to volume 
in Winesap apples was found to be 1 to 1.2. It was determined 
that a sufficiently accurate estimate of the surface area coidd be 
obtained by treating the apples as spheres, and therefore the area 
was obtained in this way: 

S=V367ry2 = 4. 84Vy2 

in which S is surface area and V is volume in corresponding units. 
Spray residues on harvested fruit are ordinarily given in terms of 

grains per pound of fruit. In order that the residues occurring on 
this fruit at harvest may be directly compared with other residues, 
the number of grains per pound should be stated, and are as follows: 
Series B, test 1, 0.124; series A, test 1, 0.152; series A, test 2, 0.089. 
It should be kept in mind that the barium fluosilicate found is about 
74 percent of the total residue, while the arsenious oxide present is 
only about 28.5 percent of the total lead arsenate residue. In table 
18 there are several discrepancies in the quantities of residue before 
and after certain sprays. This is probably due to variations in the 
fruit used or to errors of analysis, and these figures are given only as 
an indication of what residues may be expected. 
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TABLE  18.- -Comparison of barium fluosilicate and arsenious oxide residues on 
apples Jollowing spraying experiments, 19S0 

BARIUM   FLUOSILICATE 

Quantity of residue 

Treatment ' 
First cover, 

May 22 
Second cover, 

June 4 
Third cover, 

June 14 

Series B, test 1: 
Afg per 
apple 

Mgper 
cm 3 

Mg per 
apple 

Mg per 
cm i 

Alg per 
apple 

0.258 
.502 

Mgper 
cm^ 

0 on 
After spraying .017 

ARSENIOUS  OXIDE 

Series A, test 2: 
Before spraying. 
After spraying.. 

0.032 0.005 0.094 0.006 0.174 
.160 .016 .180 .012 .300 

0.007 
.010 

BARIUM FLUOSILICATE 

Treatment i 

Quantity of residue 

Fourth cover, 
June 26 

Fifth cover, 
July 20 

Sixth cover, 
Aug. 12 

Residue 
at 

harvest, 
Oct. 15 

Series B, test 1: 
Before spraying- 
After spraying... 

Series A, test 1: 
Before spraying. 
After spraying.. 

Mgper 
apple 

0.794 
1.166 

Mg per 
cm ' 
0.021 
.029 

Mg per 
apple 

1.270 
1.860 

1.655 
1.405 

Mg per 
cm * 
0.022 

.029 

.027 

.022 

Mg per 
apple 

2.120 

Mg per 
cm Ï 
0.026 

Mg per 
cm Ï 

ARSENIOUS  OXIDE 

Series A, test 2: 
Before spraying.. 
After spraying... 

0.210 
.580 

0.005 
.013 

0.426 
.726 

0.007 
.011 

0.760 
1.100 

0.008 
.013 

1 For spray schedule, see table 14. 

REMOVAL OF FLUORINE SPRAY RESIDUES 

In 1930 some tests were made to determine the feasibility of remov- 
ing residues of barium fluosilicate from the fruit by means of chemical 
solvents. Fruit that had had 2 applications of lead arsenate, fol- 
lowed by 5 applications of barium fluosilicate used at the rate of 
4 pounds to 100 gallons of water with fish-oil or mineral-oil emulsion, 
was washed in a flood machine with 1 percent hydrochloric acid at 
temperatures of 75° to 110° F., and with 1 percent sodium carbonate 
at temperatures of 90° to 110°. Before it had been cleaned the 
fruit had an average deposit of 0.04 grain of fluorine per pound. 
Treatment with hydrochloric acid resulted in an average deposit of 
0.009 grain of fluorine per pound when washed at 75° F., 0.006 grain 
per pound when washed at 90°, and 0.005 grain per pound when 
washed at 110°. Treatment with sodium carbonate at 90° and 110° 
resulted in an average deposit of 0.014 grain of fluorine per pound. 
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In March 1933 three lots of fruit that had heen sprayed the pre- 
vious summer two or three times with sodium fluoahiminate (cryolite) 
at the rate of 3 pounds to 100 gallons of water with mineral-oil emul- 
sion were washed with 1.5 percent hydrochloric acid, with 5 percent 
sodium silicate, and with 18 percent sodium carbonate,'* respectively. 
Fruit that has been kept in storage for several months is more difficult 
to clean than when freshly harvested; therefore temperatures of 
110° F. were used for the acid and sodium carbonate and 120° for the 
sodium silicate. This fruit had a maximum deposit of 0.022 grain 
of fluorine per pound before it had been washed. Treatment with 
hydrochloric acid resulted in an average deposit of 0.004 grain of 
fluorine per pound; with sodium silicate, of 0.007 grain per pound; 
and with sodium carbonate, of 0.015 grain per pound. 

Since methods of analyses for fluorine have not yet been perfected, 
these results are only preliminary, but they indicate the quantity of 
fluorine residue that it may be possible to remove by suitable washing 
with a solution of hydrochloric acid, sodium silicate, or sodium car- 
bonate. 

SUMMARY 

This bulletin records the results of experiments conducted under 
arid conditions at Yakima, Wash., to determine whether certain fluo- 
rine compounds could be used as substitutes for lead arsenate for the 
control of the codling moth. 

The fluorine compounds studied are apparently not so toxic as lead 
arsenate on the basis of equal weight. This may be due in part to a 
lack of adhesiveness. Because of their cheapness, however, larg( r 
quantities may be used without increasing the cost. The lack of ad- 
hesiveness may be overcome by using fish-oil sticker or a mineral-oil 
emulsion with them. 

Tests of barium fluosilicate, potassium fluosilicate, and sodium 
fluoaluminate (cryolite) at the rate of 3 or 4 pounds to 100 gallons of 
water, plus 1 pint of fish oil or % gallon of emulsified mineral oil, re- 
duced the wormy fruit in about the same percentage as lead arsenate 
did at the rate of 2 poimds to 100 gallons of water, without a sticker 
except in one experiment, and reduced the quantity of stung fruit by a 
greater percentage. 

Except in some of the tests conducted in 1927, no fruit or foliage 
injury resulted from any of the experiments. In the limited nund)er 
of analyses made to determine the residue on the fruit at the time of 
harvest, the residue from these materials was less than that left by 
lead arsenate and was as easily removed. 

The fluorine compounds should not be used with lime-sulphur or 
with spreaders containing lime. 

^ These tests were made by A. F.. Ryall, assistant pomologist. Bureau of Plant Industry, and the analyses 
were made by the junior author. 
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